Background. The morphological determinants of mitral valve systolic anterior motion (SAM) and obstruction to left ventricular outflow in patients within the broad clinical spectrum of hypertrophic cardiomyopathy (HCM) are not completely understood, particularl the contribution of mitral leaflet length and size.
Methods and Results. To clarify this issue, mitral valve specimens from 43 patients with HCM and basal outflow obstruction were used to relate morphometric measurements of leaflet area to certain morphological and functional assessments of left ventricular outflow tract geometry and valvular motion obtained from echocardiograms in the same patients. Twenty-four patients (56%) had mitral valves of normal size (leaflet area < 12.0 cm2) and 19 patients (44%) had enlarged and elongated valves (area >12.0 cm2). Compared with normal-sized mitral valves, the enlarged valves were situated more posteriorly in a larger left ventricular outflow tract (cross-sectional area, 3 .3±1.0 versus 1.9±0.7 cm2 for normal-sized valves; p<0.001) and also had greater systolic excursion of the anterior leaflet (16.2±4.5 versus 13.3±3.3 mm, p<O.02), usually with a distinctive sharp-angled bend and localized contact of the leaflet tip with ventricular septum ("typical" SAM); this pattern of SAM was possible because the central and distal portions of the leaflet were relatively free of fibrous thickening. In contrast, normal-sized mitral valves were situated more anteriorally in a smaller left ventricular outflow tract and frequently showed a different mechanism of SAM and subaortic obstruction with relatively limited leaflet motion, absence of a sharp bend, and septal contact involving more substantial portions of the anterior leaflet and contiguous chordae ("atypical" SAM); mitral-septal apposition was effected in large measure by posterior ventricular septal motion. This pattern of SAM was invariably associated with a more diffuse pattern of fibrous thickening.
Conclusions. Patients with obstructive HCM show patterns of mitral valve SAM that are diverse and determined largely by the interrelation of left ventricular outflow tract geometry, the size and mobility of the mitral leaflets, and the presence and distribution of fibrous thickening. (Circulton 1993;87:1570-1579) KEY 26 Standard procedures in our laboratory dictated that the entire mitral valve be routinely scanned slowly in both the short-axis and long-axis views with particular attention directed toward identifying and imaging the point of maximum SAM and the greatest extent to which the anterior mitral leaflet may bend toward the ventricular septum in midsystole.
Two-dimensional echocardiographic measurements were taken preferentially from transthoracic echocardiograms in 33 patients; however, in 10 patients, the image quality was judged to be insufficient to reliably make certain quantitative measurements from stopframe images, and the intraoperative echocardiogram was used. M-Mode echocardiograms were derived from two-dimensional images under direct anatomic visualization. In the 33 patients in whom transthoracic echocardiograms were used, the time duration between echocardiographic study and mitral valve replacement was 1-86 days (mean, 31 days).
Echocardiographic Measurements
Left ventricular outflow trat. Diastolic left ventricular outflow tract cross-sectional area was measured using a previously described method.14 A continuous scan from aorta to left ventricle in the parasternal short-axis view identified a representative stop-frame image at the crosssectional level where both mitral leaflets could be visualized at end diastole. On is diffusely thickened by fibrous tissue (on gross examination, the leaflet was inflexible). Table 2 ) than did patients with normal-sized valves (1.9±0.7 cm2; range, 0.6-3.6 cm2; p<0.001) ( Figure 5 and Table 2 ).
95% confidence limits for normals24 (Figures 1-5 and
In patients with normal-sized mitral valves, the position of the valve within the left ventricular cavity (as assessed by mitral valve position index) was significantly more anterior and closer to the ventricular septum than in those patients with enlarged valves (Table 2) .
Mitral valve geometry and motion patterns. In most enlarged mitral valves (16 of 19, 84%), two-dimensional echocardiography showed a particular pattern of mitral valve motion -flexible and with marked systolic excursion, usually with a distinctive, sharp, right-angled bend of the anterior leaflet (about 80-90°at a point one-half the distance between its proximal and distal extent) producing localized contact of the distal and central portion of the leaflet with the ventricular septum ("typical SAM") ( Figures 2-4 and Table 2) .
Of the 24 patients with normal-sized valves, 12 were judged to have flexible mitral valve motion, whereas the other 12 demonstrated SAM with a flattened configuration, restricted motion, and either no or relatively mild bending of the anterior mitral leaflet (usually <60°). Systolic contact with ventricular septum was not usually limited to the anterior leaflet tip but rather involved more substantial portions of the leaflet body and contiguous chordae tendineae ( Figure 5 ) and also often appeared to be facilitated by posterior ventricular septal excursion ("atypical" SAM).
Fibrous thickening and relation topattern ofmitral valve motion. Secondary fibrous thickening was present to some degree in each of the 43 mitral valves. Anterior leaflet thickening was the same in enlarged and normalsized valves (2.4±0.8 mm).
In 15 of the 43 mitral valves (three enlarged and 12 normal-sized), the anterior leaflet was diffusely thickened and inflexible on gross examination ( Figure SC) ; attached chordae tendineae were also substantially thickened and often agglutinated; echocardiographic study in each of these patients showed the mitral valve to have relatively restricted mobility and little or no systolic bending (Figures SA and SB) . In the other 28 valves (16 enlarged and 12 normal-sized), fibrous thickening was more localized, and at least the central and longitudinal portions of the anterior leaflet (including the most distal segment) were spared from fibrosis ( Figures 2D, 3C , and 4B) and judged to be flexible on gross examination; attached chordae tendineae were normal or only mildly thickened. Echocardiographic study in each of these patients showed mitral valve motion to be more flexible with substantial excursion, an acute right-angled bend, and localized systolic septal contact (Figures 2A-C, 3A In contrast, about 55% of our patients had normalsized mitral valves (leaflet area < 12.0 cm2). These valves were situated within a much smaller (and often elliptically shaped) left ventricular outflow tract and consequently were displaced more anteriorally toward the ventricular septum; frequently, the presence of mitral annular calcification posteriorly appeared to contribute to the exaggerated anterior position of the mitral valve. 13 While such normal-sized mitral valves often produced SAM characterized by flexible anterior leaflet motion and a sharp-angled bend, in many other patients with normal-sized valves the pattern of SAM was "atypical," with more restricted systolic valve excursion in which substantial portions of the anterior leaflet body (as well as the distal tip and contiguous chordae) contacted the septum. In the latter patient subgroup, systolic posterior ventricular septal motion also appeared to contribute importantly to resultant mitralseptal contact. 13 The fact that the pattern of SAM differed among patients with normal-sized mitral valves only serves to emphasize that SAM is not determined solely by anterior mitral leaflet length but rather on the interplay of a number of morphological variables related to left ventricular outflow tract geometry, septal motion, the relative position of the mitral apparatus within the left ventricular cavity, and particularly the extent and distribution of fibrous anterior mitral leaflet thickening. Flexible systolic motion of the anterior leaflet in patients with "typical" SAM (regardless of whether the mitral valve was enlarged or normal-sized) was possible because the central portion of the anterior leaflet was largely spared from fibrosis. In contrast, more restricted valvular motion ("atypical" SAM) appears to be a direct consequence of a more diffuse pattern of anterior leaflet thickening. Of note, basal anterior ventricular septal thickness was not shown to be a particularly important independent determinant of the pattern of SAM in our study patients, a finding consistent with prior echocardiographic observations in patients with HCM and marked left ventricular hypertrophy.5' The observations in the present study do not obviate other previously described determinants of outflow obstructionl-69- 1, [13] [14] [15] [16] [17] [20] [21] [22] [41] [42] [43] [44] [45] [46] but rather expand and amplify our concepts of the mechanisms of the gradient in this disease. For example, our data do not exclude the potential role played by the anterior position of the papillary muscles, which in large measure determine the relative position of the mitral valve apparatus within the left ventricular cavity.
Our normal values for anterior leaflet length are somewhat less than those previously reported in other necropsy or echocardiographic studies.'743"444748 For example, our normal average value for anterior leaflet length was 1.8±0.3 mm, whereas in other studies published in the literature, average length was 2.3 ±0.2 mm.
We believe that these discrepancies can be explained largely on differences in scientific methodology. In the present study, measurements of anterior leaflet length were made from the mitral valve specimen after its excision from the heart at the time of mitral valve replacement. It was not possible for the surgeon to remove the entire mitral valve out of the necessity to facilitate securing the prosthetic valve in place; therens U by guest on November 19, 2017 http://circ.ahajournals.org/ Downloaded from fore, a 2-3-mm circumferential margin of leaflet tissue along the annulus remained after valve excision. In contrast, in the aforementioned previous necropsy studies, mitral valve measurements were obtained from a completely intact specimen.
The present study was unavoidably limited to patients with the obstructive form of HCM. Patients without outflow obstruction do not undergo mitral valve replacement and therefore their valve specimens have been generally unavailable for detailed study. Consequently, our study cannot address the significance of mitral valve size in determining the presence or absence of SAM (and obstruction to left ventricular outflow). However, of note, a previous morphometric analysis of almost 100 mitral valves from patients with HCM24 showed that valves from patients without obstruction were significantly larger with regard to leaflet length, circumference, and overall area than those from patients with obstruction.
